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The title compound, Ci3H 10 N 4 O 2 S, was prepared through a 
cyclization reaction of l,10-phenanthroline-5,6-dione and 
thiourea. The dihedral angle between the pyridine rings is 
8.22 (2)°. In the crystal, molecules are connected by N— 
H ■ O, O-H- ■ N, N-H- ■ S and O-H- ■ S hydrogen bonds, 
forming a three-dimensional network. 

Related literature 

For related structures, see: Liu et al. (2008); Wang et al. (2011); 
Cong et al. (2009). 




Experimental 

Crystal data 

C 13 H 10 N 4 O 2 S 
M r = 286.31 
Monoclinic, P2^/c 
a = 11.259 (4) A 



Z = 4 

Mo Ka radiation 
H = 0.27 mtrL 1 

Data collection 

Bruker SMART APEXII CCD 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
= 0.952, T max = 0.968 

Refinement 

R[F 2 > 2a(F 2 )] = 0.061 

wR(F 2 ) = 0.161 

5 = 0.94 

3035 reflections 

191 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



T = 293 K 

0.18 x 0.14 x 0.12 mm 



9690 measured reflections 
3035 independent reflections 
1325 reflections with I > 2o'(7) 
R in . = 0.107 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.38 e A~ 3 

Ap mi „ = -0.30 e A~ 3 



D- 


H-A 




D — H 


H-A 


D -A 


D-H-A 


N3 


-H3N- 


or 


0.93 (4) 


2.08 (4) 


2.980 (4) 


162 (3) 


02 


-H20- 


■si" 


0.82 


2.49 


3.276 (3) 


160 


N4 


-H4N- ■ 


■Sl m 


0.90 (4) 


2.48 (4) 


3.365 (4) 


166 (3) 


Ol 


-mo- 


■Nl lv 


0.82 


2.33 


2.930 (4) 


130 


Ol 


-mo- 


■N2 iv 


0.82 


2.26 


3.032 (4) 


158 



b = 12.815 (4) A 
c = 8.565 (3) A 
P = 100.382 (5)° 
V = 1215.6 (7) A 3 



Symmetry codes: (i) x, — y + |, z 4- \, (ii) x,—y + \,z — \, (iii) — x + 1, — y + 1, — z + 1; 
(iv) — x, —v + 1, — z. 



Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: publCIF (Westrip, 2010). 
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and Heilongjiang University, China, for supporting this study. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BQ2329). 
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3a,llb-Dihydroxy-3a,llb-dihydro-l//-imidazo[4,5-/][l,10]phenanthroline-2(3//)-thione 
H. Wang, P. Mei, W.-Y. Chu, Z.-Z. Sun and Y.-J. Hou 

Comment 

Considerable interest have been paid to the reactions of various metal salts with multi-carboxylate ligands and 1,10-phenan- 
throline-5,6-dione and the influence of the reaction pH on the structure of the resultant complexes (Liu et al, 2008; Wang et 
al., 2011; Conger al, 2009). We prepare 3a,llZ>-dihydroxy-3,3a-dihydro-l//-imidazo [4,5-/][l,10]phenanthroline-2(llbH)- 
thione as a precursor of l,10-phenanthroline-5,6-dione for precise control of the reaction pH. 

As shown in Fig. 1, The dihedral angle between the pyridine rings (C1-C5/N1) (C6-C7/C10-C12/N2) is 8.22 (2)°. The 
neighboring molecules are connected by N-HO, O-H - N, N-H - Si and O-H - Si hydrogen bonds to form an infinite three- 
dimensional network (Table 1. and Fig. 2). 

Experimental 

40 ml 98% H2SO4 and 20 ml 69% HNO3 were mixed in a flask and cooled to 273 K. Then A mixture of 1,10-phenanthroline 
(4 g, 22.2 mmol) and KBr (4 g, 33.6 mmol) was slowly added while keeping the temperature below 279 K. The resulting solu- 
tion was refluxed for 4 hr and finally cooled to room temperature. The contents of the flask were poured onto 100 g crushed 
ice and neutralized with 40% sodium hydroxide solution. The yellow precipitate of l,10-phenanthroline-5,6-dione was col- 
lected by filtration and washed with water. The fdtrate was extracted with EtOAc, the organic phase was dried over magnesi- 
um sulfate and the solvent was evaporated off under vacuum. All of the crude product was then recrystallized from 100 mL 
EtOH to give 2.6 g of l,10-phenanthroline-5,6-dione as yellow needles. The product of the reaction mentioned above was 
reacted with thiourea (13 g, 2 1 7 mmol) in 50 ml methanol for 5 hr under reflux. After cooling, the precipitated product was 
separated and recrystallized from EtOH to give 2.1 g (63%) of l,116-dihydro-3a,116-dihydroxy-l//-imidazo[4,5 : /][l,10] 
phenanthroline-2(llbH)-thione as white powder. Crystals suitable for single-crystal X-ray diffraction were obtained by re- 
crystallization from methanol at room temperature in a total yield of 24%. Anal. Calcd. for C13H10N4O2S: C, 54.54; H, 

3.52; N, 19.57. Found(%):C, 54.60; H, 3.58; N, 19.66. IR(KBr) l R NMR (400 MHz, DMSO-d 6 ): 9.47 (s, 2H), 8.71 (dd, J 
= 4.6, 1.7 Hz, 2H), 8.23 (dd, J= 7.9, 1.7 Hz, 2H), 7.53 (dd, J= 7.9, 4.6 Hz, 2H), 6.83 (s, 2H), 3.31 (s, 2H). 

Refinement 

H atoms bound to C atoms were placed in calculated positions and treated as riding on their parent atoms with C — H = 0.93 
A (aromatic C), and with (7i S0 (H) = 1.2Ueq(C). H atoms bound to O atoms were placed in calculated positions and treated 
as riding on their parent atoms, with O — H = 0.82 A and with {7; S0 (H) = 1 .5Ueq(0). H atoms bound to N atoms were located 
in the difference-Fourier map and refined isotropically. 
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Fig. 1. The molecular structure of the title compound I, with displacement ellipsoids drawn at 
the 50% probability level. 



Fig. 2. Part of the packing of the title compound, viewed down the c-axis. Dashed lines indic- 
ate hydrogen bonds. 



2,6-dihydroxy-1 1 ,1 4-diazatetracyclo[1 1 .4.0.0 2,6 .0 7 ' 1 2 ]heptadeca- 1 (1 3),7(1 2),8,1 0,1 4,1 6-hexaene-4-thione 



Crystal data 
C13H10N4O2S 
M r = 286.31 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 11.259 (4) A 
6=12.815 (4) A 
c= 8.565 (3) A 
(3= 100.382 (5)° 

V= 1215.6 (7) A 3 
Z=4 



7(000) = 592 

D x = 1.564 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 512 reflections 

6 = 2.4-19.3° 

|i = 0.27 mm 1 
7=293 K 
Block, colorless 
0.18x0.14x0.12 mm 



Data collection 



Bruker SMART APEXII CCD detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

phi and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.952, J max = 0.968 
9690 measured reflections 



3035 independent reflections 

1325 reflections with / > 2a(7) 
R mt = 0.107 

©max = 28.3°, 6 m j n = 2.4° 

* = -14->15 

fc = -17->10 
/=-ll-»10 
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Refinement 

Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[c 2 (F 2 ) + (0.0587.P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.38 e A~ 3 
Ap min = -0.30eA" 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




SI 


0.41534 (9) 


0.63611 (8) 


0.62203 (12) 


0.0424 (3) 


Ol 


0.1477 (2) 


0.70072 (19) 


0.1051 (3) 


0.0370 (7) 


HIO 


0.0819 


0.6850 


0.0525 


0.055* 


02 


0.3623 (2) 


0.6130 (2) 


0.0847 (3) 


0.0452 (7) 


H20 


0.3702 


0.6733 


0.1168 


0.068* 


Nl 


-0.0346 (3) 


0.3969 (2) 


0.1943 (4) 


0.0387 (8) 


N2 


0.1205 (3) 


0.3145 (2) 


0.0259 (4) 


0.0378 (8) 


N3 


0.2442 (3) 


0.6720 (3) 


0.3648 (4) 


0.0351 (8) 


N4 


0.3596 (3) 


0.5401 (3) 


0.3380 (4) 


0.0412 (9) 


C5 


0.0627 (3) 


0.4558 (3) 


0.1826 (4) 


0.0301 (8) 


C9 


0.1854 (3) 


0.6227 (3) 


0.2162 (4) 


0.0302 (8) 


C4 


0.0789 (3) 


0.5553 (3) 


0.2417 (4) 


0.0269 (8) 


C7 


0.2619 (3) 


0.4546 (3) 


0.0946 (4) 


0.0310 (9) 


C6 


0.1524 (3) 


0.4060 (3) 


0.0979 (4) 


0.0305 (9) 


C8 


0.2935 (3) 


0.5569 (3) 


0.1767 (4) 


0.0337 (9) 


C3 


-0.0097 (3) 


0.5981 (3) 


0.3175 (4) 


0.0357 (9) 


H3 


-0.0016 


0.6652 


0.3591 


0.043* 



Refinement on F 2 
Least-squares matrix: full 
R[F 2 >2o(F 2 )] = 0.061 

wR(F 2 ) = 0.161 

5 = 0.94 

3035 reflections 
191 parameters 
0 restraints 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 

SI— C13 
Ol— C9 

01— HIO 

02— C8 
02— H20 
Nl— CI 
Nl— C5 
N2— C12 
N2— C6 



1.676 (4) 
1.393 (4) 
0.8200 
1.399 (4) 
0.8200 
1.333 (4) 
1.349 (4) 
1.335 (5) 
1.343 (4) 



C9— C4 
C9— C8 
C4— C3 
C7— C6 
C7— C10 
C7— C8 
C3— C2 
C3— H3 
C10— Cll 



1.524(5) 
1.568 (5) 
1.397 (5) 
1.387 (5) 
1.392 (5) 
1.499 (5) 
1.375 (5) 
0.9300 
1.386 (5) 
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C3 — C4 — cy 


1 1 n /i 
liy.4 (3) 


XT'") P10 P 1 1 

JNZ — C1Z — Cll 


1 "tA 1 SA\ 

124.3 [4) 


p7 no 

v^U v / v 1 v 


1 1 0 . 1 ^ J f 


T\J7 pi 7 un 

IN Z, V 1 Z, 1 1 1 A 


1 1 7 P. 

1 1 / -O 


C6 — C7 — C8 


121.3 (3) 


Cll — C12 — ^H12 


117.8 


CIO — C7 — C8 


120.5 (3) 


C12 — Cll — C10 


118.7 (4) 


N2 — C6 — C7 


123.2 (3) 


C12 — Cll — Hll 


120.6 


N2 — C6 — C5 


116.7 (3) 


C10 — Cll — Hll 


120.6 


C7 — C6 — C5 


120.1 (3) 






pi \ti p^ p/i 
CI — JN 1 — C5 — C4 


A 1 fZ\ 

-0.3 (5) 


pin p-7 po pv-i 

C 1 U — C / — Co — U2 


-?-7 yl /A\ 

i 1 A \A) 


pi mi p^ P£ 
CI — JN 1 — Cj — Co 


1 "7Q A S1\ 

—i /y.4 {3 ) 


P£ P"7 PQ TVT/1 

Co — C / — Co — JN4 


y/.j (4j 


pi i mi pq p.1 
C 1 j — JN i — CV — U 1 


i a o n /"2>, 
— 14Z.y (3 ) 


pin P"7 PO M/1 

C 1 U — C / — C 0 — JN 4 


—04.4 (4 ) 


P1 1 \n pn p/i 
C 1 3 — JN i — Cy — C4 


nc n si\ 
yj.ij (3) 


p/; p-7 po pn 

Co — c / — Co — cy 


-19.5 (5) 


pi i mt pn po 

c i j — jn 3 — cy — Co 


1/1 /I SA\ 

—14.4 (4) 


P1A P"7 PO Pf> 

c i o — c / — c o — cy 


loi.O (i) 


\T1 PC P/l PI 

JN 1 — CD — C4 — C3 


n 1 

-0.1 (5) 


p.1 pn po p.-> 

u i — cy — Co — ui 


25.0 (4) 


p/; pc r~* a pi 

Co — C j — C4 — C 3 


1 *7 o n /i \ 

178.9 (3) 


ivn pn PO pv-> 

JN 3 — Cy — Co — U2 


—89.6 (3) 


Nl— C5— C4— C9 


-175.5 (3) 


C4— C9— C8— 02 


152.1 (3) 


C6— C5— C4— C9 


3.5 (5) 


Ol— C9— C8— N4 


143.4 (3) 


Ol— C9— C4— C5 


106.4 (4) 


N3— C9— C8— N4 


28.3 (3) 


N3— C9— C4— C5 


-132.8 (3) 


C4— C9— C8— N4 


-90.0 (3) 


C8— C9— C4— C5 


-21.4(4) 


Ol— C9— C8— C7 


-98.1 (4) 
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pi po r~*A pi 
U 1 — Cy — C4 — C3 


£.Ci r\ fA\ 

— oy.U (4) 


\Tn pn po P*7 

JN3 — Cy — C8 — c / 


14o.5 (3) 


mi pn p a pi 
JN j — cy — C4 — C3 


c i n (a \ 

M.y (4) 


p/i pn po p-7 
C4 Cy — C8 — C / 


TO C (A \ 

Zq.d (4) 


po pn p/i pi 

cs — cy — C4 — C3 


1 £L1 T (1\ 

lo3.Z (3) 


pc p a pi p-> 
C5 — C4 — C3 — C2 


-0.1 (5) 


pil XT') p/r p-7 

C 1 Z — JN Z — Co — C / 


2.5 (5) 


pn p/i pi p-> 

Cy — C4 — C.5 — Lz 


1 / D.4 (3 ) 


XT') p/r pc 

CI 2 — JNZ — Co — CD 


— 1 /o.3 (3) 


pn \n pi'i XT a 
Cy — JN 3 — C 1 3 — JN 4 


8.y (4) 


p-7 p/r ATT 

C 1 0 — C / — Co JN Z 


i 1 «\ 
-3.1 (5) 


pn xti n i ci 
cy — JN J — C 1 i — D 1 


— loy.o (3 j 


pq p~7 P£ xn 
Co — C / — Co — JNZ 


1 "7G G 


PC XT /I P 1 1 Ml 

Co — JN 4 — C 1 i — JN i 


Iz.o (4) 


pin "7 p/r pr 

C 1 U — C / — Co — Lj 


1 "7"7 "7 f1\ 

Mil (3) 


PQ XT A pi! CM 

Co — JN 4 — C 1 i — o 1 


— loo.o (3 ) 


pn p-7 p/r pc 

Co — C / — Co — C5 


0.7 (5) 


p/: p-7 pin P11 
Co — C / — C 1 0 — C 1 1 


0.7 (6) 


\r1 pr p /T XT-> 

JN 1 — CD — Co — JN2 


8.0 (5) 


po P"7 pin pi 1 

C8 — C / — C 1 0 — C 1 1 


1 HI H ( A \ 

1 / / . / (4) 


p/i pc p/: \n 
C4 — CD — Co — JN Z 


1 *7 1 1 

-171.1 (3) 


p/i pi pi pi 
C4 — C3 — C2 — C 1 


U.O ( j) 


XT 1 pc p/c p-7 

JN 1 — CD — Co — C / 


-172.7 (3) 


PC XT1 P1 P-> 

C5 — JN 1 — C 1 — C2 


1 1 

1.1 (6) 


C4— C5— C6— C7 


8.1 (5) 


C3— C2— CI— Nl 


-1.3 (6) 


CI 3— N4— C8— 02 


yi.6(4) 


C6— N2— CI 2— Cll 


0.6 (6) 


CI 3— N4— C8— C7 


-149.3 (3) 


N2 — C12 — Cll — CIO 


-2.8 (6) 


CI 3— N4— C8— Cy 


-26.5 (4) 


C7— CIO— Cll— C12 


2.1 (6) 


C6— C7— C8— 02 


-145.7 (3) 







Hydrogen-bond geometry (A, °) 



D—H-A D — H 

N3— IBN-Ol' 0.93 (4) 

02— H20-S1" 0.82 

N4 _H4N-Sl iii 0.90(4) 

Ol— H10-Nl iv 0.82 

Ol— H10-N2 iv 0.82 



Symmetry codes: (i) x, -y+3/2, z+1/2; (ii) x, -y+3/2, z-1/2; (in 



H-A D-A D—H-A 

2.08 (4) 2.980 (4) 162 (3) 

2.49 3.276 (3) 160. 

2.48 (4) 3.365 (4) 166 (3) 

2.33 2.930 (4) 130. 

2.26 3.032 (4) 158. 



-x+1, -y+l, -z+1; (iv) -x, -y+\, -z. 
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